Abstract: With increasing life expectancy, neurodegenerative diseases such as Alzheimer ' s disease (AD) and Parkinson ' s disease (PD), as well as neurovascular diseases such as cerebral ischemia, are becoming a rapidly growing worldwide problem causing an increased burden on society. The development of biomarkers is aimed to enable the identification of at-risk individuals, enable early diagnosis, and reflect the progression of disease. Future challenges refer to the need for standardization of known biomarkers on the one hand and the identification of new biomarkers on the other hand. The former is impressively exemplified by a recent study addressing the impact of various types of cerebrospinal fluid collection tubes for detection of total tau, phosphorylated tau, and β -amyloid 1 -42 on the diagnosis of AD. This issue was identified as a key issue by the Alzheimer ' s Biomarkers Standardization Initiative (ABSI) and recommendations were listed which should be used to enable better standardization between laboratories and enable results for the AD biomarkers to be comparable between different sites. The latter challenge in particular concerns PD and is addressed by the Parkinson Progression Marker Initiative (PPMI), a comprehensive observational, international, multi-center study designed to identify PD progression biomarkers both to improve understanding of disease etiology and course and to provide crucial tools to enhance the likelihood of success of PD modifying therapeutic trials. With regard to cerebral ischemia, at present there are no clinically validated biomarkers. Nevertheless, the development of a clinically validated biomarker of acute cerebral ischemia would have the potential to facilitate the use of time-sensitive reperfusion strategies, allow for individualization of patient care by predicting relative risk of hemorrhage and volume of penumbral tissue, and add valuable prognostic information for patients presenting with acute stroke. Thereby, it is expected that a panel of biomarkers rather than one single marker will meet these criteria in the future. Unlike cerebral ischemia, cerebral hemorrhage biomarkers will probably be limited to the assessment of prognosis in the course of the disease.
Introduction
The diagnosis of neurological diseases will become increasingly important in the future, so that valid biomarkers are also of interest in this field. This moves the focus primarily on diseases that are bound to increase due to demographic changes (neurodegenerative diseases like Alzheimer ' s disease or vascular diseases like cerebral infarction). These diseases require biomarkers that are associated with the respective condition in order to secure a diagnosis early on and detect any progression. Particularly needed are biomarkers that capture the effect of new drugs and therapeutic strategies.
Alzheimer ' s disease
Not long ago one model of the pathogenesis of Alzheimer ' s disease was generally accepted. According to this model, neuropathological changes typical of the disease and thus dementia existed, or both were absent. But current studies now confirm the view that neuropathological changes manifest decades before the onset of initial clinical symptoms. In a recently published review article, Jack et al. [1] presented a hypothetical model that correlates the changes over time in the biomarkers (biochemically and/or via imaging) with clinically defined stages of the disease. Under this model, there are, initially, pathological changes to β -amyloid ( β -amyloid 1 -42 in cerebrospinal fluid and/or β -amyloid PET imaging), followed by those to the neurodegenerative markers (total tau and phospho-tau protein in CSF and/or fluorodeoxyglucose-PET and cerebral atrophy in MRI; Figure 1 ). The latter correlate with the clinical severity of the disease. Recently published data indicate that familial Alzheimer ' s disease is due to an overproduction of A β 42, while sporadic Alzheimer ' s disease is due to a reduced clearance of A β 42 [2] .
The diagnosis of Alzheimer ' s disease is currently based primarily on the verification of dementia and other specific clinical symptoms. To improve the diagnostic precision and an earlier diagnosis, the determination of biomarkers in the CSF has been proposed as a correlate of neuropathological changes that define Alzheimer ' s disease, namely, total tau/phospho-tau protein and β -amyloid.
German S3 guideline " Diagnosis and treatment of dementia " issued by the German Association of Neurology (DGN)
First of all, an examination of blood parameters is generally recommended, due to the low risk for people with dementia and low cost, to detect a possibly present reversible cause of dementia. Examples of possible causes of dementia include endocrinopathies, vitamin deficiency diseases, metabolic encephalopathies, intoxication, electrolyte disturbances, hematologic disorders, chronic infectious diseases, and late forms of leukodystrophies, such as ceroid lipofuscinosis.
As part of the basic diagnostic assessment, the following serum or plasma tests are recommended: blood count, electrolytes (Na, K, Ca), fasting blood glucose, TSH, erythrocyte sedimentation rate or CRP, GOT, gamma-GT, creatinine, urea, vitamin B12 (recommendation 11).
In the case of clinically unclear situations or in specific suspected diagnoses, targeted further laboratory tests should be performed. Examples are: differential blood count, blood gas analysis, phosphate, HBA1c, homocysteine, fT3, fT4, thyroid antibodies, cortisol, parathyroid hormone, ceruloplasmin, vitamin B6, Borrelia serology, Pb, Hg, Cu, syphilis serology, HIV serology, drug screening, urine test strips, folic acid (recommendation 12).
CSF analysis, too, can provide information on nondegenerative causes of dementia, in which a patient ' s history, physical findings and other technical additional tests exhibit no pathological findings (recommendation 15). For the purposes of an initial diagnosis, it supports the differentiation between primary neurodegenerative dementia conditions and other causes of dementia syndromes. In particular, one should mention here the exclusion of an inflammatory disease of the brain if so indicated by the patient ' s medical history, physical findings or additional diagnostic testing (recommendation 14) .
If a CSF analysis is carried out in connection with dementia, it is the parameters of the basic CSF profiles that are to be examined (recommendation 15), i.e., cell count, With regard to the actual neurochemical dementia diagnostics, all CSF and serum samples should be sent to the lab, unfrozen, as quickly as possible. Ideally, polypropylene tubes should be used, because otherwise β -amyloid 1 -42, total tau and phospho-tau may be lost. According to current knowledge, CSF-based neurochemical dementia diagnostics, in the context of an initial diagnosis, support the differentiation between primarily neurodegenerative dementia conditions and other causes of dementia syndromes (recommendation 16). The combined analysis of the parameters β -amyloid 1 -42 and total tau and/or β -amyloid 1 -42 and phospho-tau is superior to the analysis of only one parameter and is therefore recommended (recommendation 17). By contrast, an isolated analysis of the apoliprotein E genotype as a genetic risk factor is not recommended for diagnostics due to the lack of diagnostic accuracy and predictive significance (recommendation 13).
However, the differential diagnostic selectivity of these markers within the group of neurodegenerative diseases, and in contrast to vascular dementia, is inadequate (recommendation 18), so that the results of CSF-based neurochemical dementia diagnostics should be assessed only on the basis of the findings of a routine analysis of cerebrospinal fluid and all other diagnostic information that is available (recommendation 19). The parameters mentioned are not suitable as progression parameters, according to current knowledge.
Revised NIA-AA criteria for the diagnosis of Alzheimer ' s disease
The recently published revised NIA-AA (National Institute on Aging-Alzheimer ' s Association guidelines for the neuropathologic assessment of Alzheimer ' s disease) criteria [3 -5] , according to the above-mentioned model of Alzheimer ' s disease [1] , makes both a semantic and a conceptual difference between the pathophysiology of Alzheimer ' s disease (AD-P) and the various resulting clinical symptoms (AD-C). Only the five most common biomarkers studied in the literature have been included formally in the diagnostic criteria. It should be noted that the term " biomarker " is increasingly being used in connection with Alzheimer ' s disease not only in relation to measured parameters in body fluids, but also in terms of imaging. According to the revised criteria, the biomarkers can be divided into two categories: on the one hand, biomarkers of A β accumulation, i.e., an abnormal retention of tracers in imaging as well as low levels of A β 42 in CSF, and on the other hand, biomarkers of neuronal degeneration and neuronal damage, i.e., elevated levels of tau protein in CSF or a reduced intake of fluorodeoxyglucose (FDG) in positron emission tomography (PET) [4] . As already mentioned above, the view is gaining ground that biomarkers of A β accumulation become abnormal approx. 10 -20 years before the occurrence of clinical symptoms, while biomarkers of neurodegeneration exhibit dynamic changes at a later time. Some studies have suggested that this is only the case immediately before the onset of clinical symptoms, and the progression of these symptoms go hand in hand with a " deterioration " of the relevant biomarkers.
Approximately 30% of cognitively inconspicuous elderly patients show evidence of AD-P, and many of these individuals meet the neuropathological criteria for Alzheimer ' s disease, but do not have obvious cognitive symptoms [6 -8] . These 30% are a perfect fit for the prevalence, observed in various studies, of amyloid positivity in CSF diagnosed both by means of imaging and neurochemistry in cognitively normal individuals over 65 years [8 -13] and roughly correspond to the prevalence of Alzheimer ' s disease observed a decade later [14] .
The biomarker of A β accumulation, as already mentioned, is a reduced A β 42 in CSF and a positive PET. Among the biomarkers for neuronal damage, tau and phospho-tau are generally deemed equivalent, but phospho-tau is considered more specific to Alzheimer ' s disease compared to other dementia conditions. It is noteworthy that for clinical purposes, the use of biomarkers is currently not recommended. The reasons cited for this are that 1) the clinical criteria for diagnostics have sufficient accuracy, 2) the design of the criteria that include the use of biomarkers need to be scrutinized more closely, 3) there is still room for improvement with respect to the standardization of biomarkers, and 4) biomarkers are not equally available everywhere. At this time, they should essentially be used for studies, and in clinical routine only if available and deemed suitable by the clinician. The test results for the biomarkers can be classified in three categories: clearly positive, clearly negative and indeterminate.
A certain contradiction to the revised criteria of Alzheimer ' s disease comes in the form of the clearly formulated skepticism about the use of biomarkers and their downgrading vis-à -vis clinical criteria. However, the proposed diagnostic classification of Alzheimer ' s-related dementia and MCI (mild cognitive impairment) is impossible without a determination of biomarkers.
Pre-analytical and analytical issues in the determination of biomarkers in cerebrospinal fluid
How justified this reservation about the use of biomarkers is with respect to the lack of standardization is borne out by the fact that, even when identical assays were used, substantial variability was observed in connection with the absolute concentration levels of biomarkers between different centers, resulting in significantly different cut-off values [15] . Very impressive are the results of a study published last year that dealt with the influence of the material of the sample tubes on the measurement results [16, 17] . The concentrations of tau protein, phospho-tau protein and A β 1 -42 were investigated in dependence on the sample tubes used, for a total of 11 different types of tubes. There were significant differences between the different types of tubes with maximum deviations from the medians of -48% to + 31% for A β 1 -42, -8% to + 8% for tau protein and -4% to + 6% for phospho-tau protein ( Table 1 ) . While the results for the two latter biomarkers are in a range of still acceptable analytical imprecision, the results for A β 1 -42 clearly fall outside this range. The complementary physical analysis of the composition of the sample tubes yielded the surprising result that only one of eleven sample vessels declared to be propylene tubes was in fact made from pure propylene. The other ten were copolymers with at least an admixture of polyethylene. What was also surprising was that the type of tube made from pure propylene did not yield the best results at all. This suggests that an additional surface treatment influences the adsorption properties of the sample tube significantly.
The high pre-analytical sensitivity of A β 1 -42 for different polymer/plastic surfaces can therefore lead to reductions in the measured concentrations by 20% -60%, making it necessary to account for this type in future consensus protocols. Ultimately, this means that different types of tubes must be considered with different pre-analytical protocols and cut-off values. One must also consider in this context that in previous published studies not some of the test subjects designated as " controls " may in fact have been persons without cognitive abnormalities, but with already existing Alzheimer ' s pathologies [18] .
A corresponding approach to solving the above problems is found in the recently published recommendations of the " Alzheimer ' s Biomarkers Standardization Initiative (ABSI) " [19] , which for the first time consider all possible pre-analytical and analytical aspects of determining the biomarkers of Alzheimer ' s disease. They are summarized in Table 2 .
Concerning the problem of surface adsorption to the wall of the sample tube, also identified therein as a " key issue " , it is recommended that sample tubes with the smallest possible volume be used, which should be filled to at least 50%. In addition, each laboratory should always use identical polypropylene tubes, and under no circumstances use glass or polystyrene tubes. Some findings in a study mentioned in the recommendations, but not yet published, could be significant for the future. According to this, pre-treatment of the sample material with non-ionic detergents, such as Tween-20, prevented the adsorption of β -amyloid to the walls of the sample tube [19] . Even though the ABSI does not (yet) solve the problem of definitive cut-off values, it represents an important approach with practical and helpful implications: for the first time, comprehensive recommendations are given for the pre-analysis and analysis in connection with the determination of the biomarkers of Alzheimer ' s disease. It is to be hoped that this is a first step towards a much needed standardization and that it will soon yield a certified quality control sample, which is not yet available.
Parkinson ' s disease
Over the past two decades, several new biomarkers of Parkinson ' s disease have been proposed. To date, however, there is not one sufficiently validated biomarker. The Parkinson Progression Marker Initiative (PPMI) is an international multicenter study, supported by regulatory authorities, foundations, industry and academic institutions, to identify biomarkers of the progression of Parkinson ' s disease. On the one hand, they are to create a better understanding of the etiology and, in particular, progression, while on the other hand, they are to provide important tools to improve the probability of therapeutic success [20] . The PPMI was launched in 2010 and will ultimately include a total of 400 newly diagnosed cases of Parkinson ' s disease and 200 healthy test subjects: over a period of 5 years, biomarkers obtained from clinical, imaging and biological materials (CSF, serum, urine) will be captured by means of standardized protocols. The tapping of cerebrospinal fluid is justified on the grounds of promising results of individual studies, particularly with respect Each laboratory should use the same PP tube. Glass or polystyrene tubes should in no circumstances be used. Tubes of the smallest volume should be used, and these should be filled to at least 50% of their volume.
Documentation of sampling/ aliquotation
It is important to have carefully recorded and validated details concerning each stored sample so that any investigator has a precise history of the sample when using these samples. Centrifugation (speed and temperature)
Centrifugation is only required for visually hemorrhagic samples. Centrifuge as soon as possible -within 2 h of LP (on site or at nearest laboratory). Speed has no effect; however, recommend 2000g for 10 min at room temperature. Time and temperature before storage ABSI, Alzheimer ' s Biomarkers Standardization Initiative; AD, Alzheimer ' s disease; CT, computerized tomography; MRI, magnetic resonance imaging; CSF, cerebrospinal fluid; LP, lumbar puncture; PP, polypropylene [19] . α -synuclein) with clinical criteria in patients thus far untreated and who had recently been included. Overall, all biomarkers exhibited significantly lower values compared to the healthy control subjects. In addition to various associations of individual biomarkers with clinical scores, lower levels of α -synuclein in cerebrospinal fluid were associated with a significantly higher odds ratio of the diagnosis of Parkinson ' s disease [22] . Although the previously obtained, still rather preliminary, results of PPMI have not yet led to the establishment of a practical biomarker in cerebrospinal fluid, this overdue approach represents a decisive step on the path to a successful (being comprehensive and well-standardized) strategy for implementing biomarkers of Parkinson ' s disease, and should ultimately lead to improved therapeutic options.
Cerebral infarction (stroke) Ischemic cerebral infarction
A useful biomarker for clinical use should meet these requirements: it should be detectable in the course of cerebral ischemia as early as possible, and it should be as specific to the brain as possible. However, it must be emphasized that due to the fact alone that even a clinically valid biomarker will hardly ever provide information on anatomical features, biomarkers can only supply supplementary information for other diagnostic procedures, including imaging. In a recently published meta-analysis of studies from 1996 to 2007, which examined various biomarkers in connection with cerebral infarction, however, not a single marker provided additional predictive power compared to existing and validated clinical models [23] .
The task of a future biomarker for routine clinical use must be to identify high-risk patients who are in need of a rapid reperfusion strategy and who must be directed promptly to the appropriate centers. It must also contribute to the individualization of therapy through risk stratification of reperfusion hemorrhage, allow for the relative volume of the penumbra to be estimated, and should be able to provide additional prognostic information [24] . An overview of previously examined biomarkers of cerebral infarction during the ischemic cascade is shown in Figure 3 .
Instead of using only a single biomarker, it is conceivable, of course, to combine several such markers. In the study by Vanni et al., a panel of four biomarkers (BNP, D-dimer, MMP-9, S100B) was used in an emergency room for triage in connection with a suspected brain infarction.
Even when these four biomarkers were combined by way of a multi-marker index (MMX), the diagnosis of an actual cerebral infarction was missed in about 25% of patients. Only once the MMX was combined with the Cincinnati Prehospital Stroke Scale (CPSS), which focuses on the key symptoms of a stroke that are present, was the diagnostic accuracy improved significantly [25] . The same panel was used in another multicenter prospective study. This one showed for patients with acute symptoms a sensitivity of 86% for the diagnosis of an ischemic cerebral infarction and/or 94% for the diagnosis of a hemorrhagic stroke. This study, too, achieved improvement by adding the case history and/or clinical parameters of age, sex and atrial fibrillation. This result was validated in an independent cohort of patients [26] .
Thus, at this point, one must unfortunately state (still) that there is no biomarker robust enough due to its discriminative properties for routine clinical use regarding the diagnosis and management of patients suffering a brain attack. Unlike, say, the heart, the brain poses particular challenges for laboratory diagnostics given its heterogeneity of different cell populations and varying tolerance for ischemia, the complexity of the ischemic cascade and the existence of the blood-brain barrier. Nevertheless, the future diagnostic use of biomarkers is of high clinical interest for three reasons: Accelerated triage and early decisions regarding the therapeutic approach, individualized treatment and identification of etiology and prognosis of the brain attack. In all likelihood, this will have much less to do with the use of a single biomarker than, rather, a combination of several biomarkers.
Hemorrhagic cerebral infarction
In contrast to the ischemic cerebral infarction, the literature on biomarkers of intracerebral hemorrhage is much sparser. A recent study on 60 patients with primary hemispheric intracerebral hemorrhage showed an increase in the so-called high-mobility group protein box-1 (HMGB1, a nuclear DNA-binding protein) in the serum within 12 h after onset of symptoms and a correlation with the severity of the hemorrhage [27] . In another recent study, an ischemic attack was differentiated from a hemorrhagic attack by means of the biomarkers S100B and sRAGE (soluble receptor of advanced glycation end products) measured in the plasma by way of the appropriate ELISAs within 6 h of the onset of symptoms: here, S100B was significantly increased in the hemorrhagic stroke, while sRAGE showed a significant decrease [28] .
For two reasons, however, the determination of biomarkers in the context of the hemorrhagic brain attack will likely not attain the same significance as it did for the ischemic cerebral infarction: first, imaging methods will certainly not be abandoned because they are needed to rule out intracerebral hemorrhage; second, the significance of biomarkers lies, after all, in the early diagnosis of the ischemic cerebral infarction so as to decide on a reperfusion strategy as quickly as possible, which would be prohibited in the case of intracerebral hemorrhage. At most, biomarkers could play a role in intracerebral hemorrhage in the future with respect to assessing the prognosis.
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